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Objectives: Literature on the expansion rate of infrarenal aortic aneurysm isscant. This review was carried out to assess 
whether there is a normal rate of expansion for infrarenal aortic aneurysms. 
Design and methods: Review of literature relating to abdominal ortic aneurysm (AAA) measurement and expansion 
rates. Articles were identified from a search of the computerised Medline database from 1966 onwards. 
Results: Nine studies produced expansion rates for 3.0-5.0 cm AAA ranging from 0.17 to 0.57 cm per year. Evaluation 
of these studies howed that they are not wholly comparable in terms of source population, sample size, disease definition 
and period of assessment. 
Conclusions: It is not possible to discuss with confidence the "normal" expansion rate of in~'arenal ortic aneurysms 
at any diameter. To elucidate fully the behaviour of AAA, a clear and universal definition of AAA is required in order 
that it may be used within a large, multicentred prospective cohort study. 
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Introduction 
Approximately 900 people per year die from ruptured 
abdominal aortic aneurysm (AAA) in Scotland. 1 Many 
of these patients do not survive to reach hospital 
following rupture but of those who do, 54.7% will die 2 
despite considerable advances made in recent years 
in surgical and anaesthetic technique, graft materials 
and postoperative care. The prevalence of AAA is 
around 5% in patients aged 65 years and increases 
with age. 3'4 There would appear to be evidence of a 
recent rise in prevalence in Western countries; surgical 
workload is also increasing, s-7 Scottish hospital ad- 
missions for AAA rose from 11.5 per 100 000 in 1984 
to 33.8 per 100 000 in 19942 and the number of new 
cases has increased steadily from 283 in 1980 to 612 
in 1991. 8 
It is generally held that around two-thirds of patients 
with untreated AAA die from rupture of the aneur- 
ysm, 9 but this is based on 50-year-old ata 9 and no 
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reliable natural history data are available. The annual 
risk of rupture progressively increases with aneurysm 
size to around 60% if the diameter is greater than 
10 cmJ ° Most patients whose aneurysms rupture die 
without reaching hospital, and virtually all who reach 
hospital and are not treated within a short time die. 
In patients who undergo emergency surgery for rup- 
ture the 30-day mortality is at best 300/0,11'12 and more 
commonly 50%. 13'I4 By contrast, elective surgery for 
aneurysm carries a mortality of 5% or  less  15'~6 
depending on the surgeon's election policies. A re- 
duction in mortality can therefore be achieved by 
elective surgery in patients at high risk of rupture. 
Currently the decision to operate on an asymptomatic 
aneurysm is made chiefly on the basis of diameter, 
expansion rate and patient fitness. 
Aetiology of Aneurysms 
Normal aortic wall 
The normal aorta is a highly elastic artery with three 
layers. The innermost layer, the tunica intima, consists 
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of a single layer of endothelial cells supported by 
elastin-rich collagenous tissue. Myointimal cells, which 
are similar in structure to smooth muscle cells, are 
scattered throughout he subendothelial tissue. It is 
here that the accumulation of lipids and intimal thick- 
ening of atheroma occursff The tunica media consists 
of concentric sheets of elastin, collagen and a small 
number of smooth muscle cells, and in aneurysmal 
disease undergoes the most significant changes. The 
tunica adventitia forms the outer layer of the aorta 
and consists of collagen with scattered elastin fibres. 
The role of collagen and elastin 
The collagen and elastin have quite distinct mechanical 
roles in the aorta. Collagen can only expand by 4% of 
its original length but provides tensile strength at 
high pressures preventing over-distension. Elastin can 
expand by 50-70% of its original length, allowing 
stress to be distributed uniformly throughout the wall. 
At low pressures elastin bears most of the stress/ 
pressure load on the aortic wall maintaining the equi- 
l ibrium between mural haemodynamic stress and the 
resultant deformation. During aneurysm formation the 
collagen layer is changed to become densely struc- 
tured, less pliable and thickened. 17The result is an 
arterial wall which has little ability to stretch in re- 
sponse to the cardiac cycle. ~s 
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Fig. 1. Pressure-diameter cu ves of the abdominal orta compiled 
from males in the three different age groups; young, middle-aged 
and elderly. With increasing age the pressure-diameter cu ves be- 
come less steep, the aortic diameter increases and the non-linear 
behaviour becomes less obvious. Thus, with age the aorta becomes 
less distensible and dilates. (Reproduced from SoIaneson B,Larme 
T, Vernersson E, Hansen F. Sex differences in the mechanical prop- 
erties of the abdominal orta in human beings. J Vasc Surg 1994; 
20(6): 959-969). 
The human aorta undergoes expansion throughout 
life, with a more rapid rate occurring over the age of 
60 years. 19 Several authors have suggested that " . . .  
ageing plays a far greater ole in the widening of the 
aor ta . . . "  than has previously been acknowledged. ~9-al 
Sonesson et al. 21 found that the healthy male aorta 
expands by 30% between the ages of 25 and 70 years 
and, perhaps more importantly, the fractional diameter 
change (aortic wall excursion during the cardiac cycle) 
at 71 years is 14% of that at 5 years. This can be 
illustrated by comparing the exponential pressure- 
diameter curve of a 25-year-old with the more linear 
curve found in the elderly (Fig. 1). Fractional diameter 
change is, however, dependent on several physio- 
logical variables, namely mean arterial pressure, car- 
diac output, stroke volume, heart rate and vessel 
diameter. This makes it difficult to compare the results 
of different studies. 
Evidence for the effect of ageing on aortic diameter 
is, however, limited and aortic changes imilar to those 
previously described as aneurysmal growth occur in 
12.5-25% of the population with increasing age. 2° This 
implies that the threshold for distinguishing between 
normal and abnormal aortic diameter is age- 
dependent. 2° It is suggested that at any age level an 
upper limit for aortic diameter should be chosen which 
will result in 6% of the population having a diameter 
greater than the chosen limit, and that this will be 
sufficiently accurate in the prediction of aneurysm 
expansion. At this level a 60-year-old male with an 
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aortic diameter of 24mm would be followed up, 
whereas a 75-year-old with aortic diameter of 36 mm 
would not. These "safe" thresholds are dependent on 
growth rate, which can be used to dictate intervals 
between scans. 
Aneurysm Formation and Expansion 
Aneurysmal formation and expansion occurs in re- 
sponse to the loss of elastin and collagen fibres, which 
provide resistance to stretching of the wall. Proteolyfic 
activity is due to elastase and collagenase, which are 
principally produced by macrophages and neutrophil 
polymorphonuclear cells. These inflammatory in- 
filtrates are often found in AAA walls. However, the 
respective roles of elastase and collagenase in the 
formation of aneurysms have not yet been clari- 
fied. 22,23 
The roles of elastolysis, collagenolysis, nflammatory 
cells and hypertension i  the pathogenesis of an- 
eurysms were analysed using two in vivo rat models. 22 
The fragmentation f elastin and attenuation of the 
media was found to lead to a limited increase in 
AAA diameter. At this early stage, collagen fibres 
and intimal/plaque thickening maintain the structural 
integrity and cylindrical shape of the aorta. The ad- 
ventitia lso appears to increase in circumferential area 
in order to maintain its original thickness. 23 
Subsequently, inflammatory infiltrates, lymphocytes 
and macrophages cause dissociation of the collagen 
fibres; the loss of tensile strength leads to the haemo- 
dynamic equilibrium becoming unbalanced, with re- 
sulting expansion in size of the aorta. Complete 
rupture is avoided by a complex remodelling process 
involving neosynthesis of collagen fibres and trans- 
formation of the cylindrical aorta to a more spherical 
aneurysm which compensates for the haemodynamic 
changes. Plasmin and thioglycollate continue to cause 
dissociation of the elastin and collagen fibres, leading 
to progressive dilatation and degeneration f the wall 
(Fig. 2). 18'22'23 Hypertension has also been found to be 
associated with increased inflammation, remodelling 
and aortic dilatation, and to be a risk factor for AAA 
expansion. 22 
Stereological analysis of volume fractions of the 
components of aneurysm walls show that collagen 
and ground substance were increased by up to 77%, 24'25 
whereas the volume fractions of elastin and smooth 
muscle cells were reduced (elastin by 63-92%24'26-28). 
Thus, in comparison with normal aortic walls, both 
the composition, in terms of volume fractions, and 
the mechanical properties of AAA were significantly 
altered. 25 
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Fig. 2. Pathogenesis of abdominal ortic aneurysm. Modified from 
McSweeney t al. TM 
Although atherosclerosis and aneurysm commonly 
co-exist, the former is thought to be more a pre- 
disposing factor rather than the single instigator of 
aneurysm formation. When associated with ath- 
erosclerotic occlusion AAA is usually limited to the 
infrarenal aorta, unlike the variety which is not as- 
sociated with atherosclerosis when AAA is commonly 
part of a general arteriomegaly, and therefore multi- 
focal. A comparison of the collagenase activity in 
patients with and without abdominal ortic aneurysms 
showed that this enzyme was localised in the aneur- 
ysmal wall and was inactive in the vessel wall affected 
by atherosclerosis. In fact only the aneurysmal walls 
produced measurable collagenase activity. 29 
The complexity of the process of aneurysm for- 
mation is evident. The precise mechanisms behind the 
proteolytic activity remain to be clarified, although the 
overall sequence of events has become more apparent 
in recent years. 
Disease Definition 
Several definitions of abdominal aortic aneurysm are 
used at present, which produces very different results 
in evaluating the incidence and prevalence of the 
disease, g°Moher et aL so used three definitions to evalu- 
ate disease frequency, case prevalence and prevalence 
ratio: (1) the Society for Vascular Surgery and the 
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Table 1. Compar ison of estimates of mean annual  growth rates at various init ial diameter measurements? * 
Growth rate (ram/month) 
Author No. studied 3.0-3.9 cm 4.0-4.9 cm 5.0-5.9 cm Total >6 cm 
Bernstein et al. 46 49 0.26 0.51 --  0.39 
Kremer et al. 33 35 0.19 0.18 --  0.17 
Bernstein and Chan 16 110 0.39 0.36 0.43 0.37 
Cronenwett etaI. 39 67 0.79 (T) 0.45 (T) - -  0.57 (T) 
0.19 (AP) 0.5 (AP) 0.22 (AP) 
Delin et al. 37 35 0.54 0.47 0.47 0.52 
Sterpetti et al. 32 125 0.25 0.4-0.56 --  0.48 
Collin et al. 47 50 --  - -  - -  0.22 
Nevitt et al. 45 103 0.26 0.46 --  0.32 
Limet et al. 48 114 0.53 0.69 --  - -  
0.64 
0.7 
0.74 
International Society of Cardiovascular Surgery (SVS/ 
ISCVS) define an aneurysm as a 50% dilatation of the 
normal artery adjusted for gender and radiological 
modality; 31 (2) Sterpetti et al. 32 suggest a ratio of infra- 
renal to suprarenal diameters of ~> 1.5; and (3) Collin 33 
defines an abdominal aortic aneurysm as the maximal 
infrarenal diameter being 4.0 cm or more, or exceeding 
the max imum diameter of the aorta between the origin 
of the superior mesenteric and left renal arteries by at 
least 0.5 cm. 
According to the definitions above ,  g° AAA frequency 
was found to range from f ive 33 to 23 32 (no units were 
given). Prevalence rate among the control group was 
3.5, 33 or 12.1%, 32 and sibling prevalence ratio or relative 
risk was found to be 0.3 32 compared with 1.631 found 
by the SVS/ISCVS definition. 
The latter finding shows most effectively the con- 
sequences of differing definitions. Sterpetti's 32study 
suggests that siblings are at less than half the risk of 
the normal populat ion of developing an aneurysm, 
whereas the SVS/ISCVS 31 data suggest hat-they are 
at 1.6 times the risk. The conclusion to be drawn from 
this comparison of studies is that it is only possible to 
compare studies with similar definitions, which limits 
the ability of investigators to pool information from 
several sources. A definition which is sensitive nough 
to capture small aneurysms which are likely to become 
dangerous is essential; however, until a clear and 
uniform definition is used the true epidemiology of 
aortic aneurysm will not be elucidated. 
Limitations in Assessment of Expansion Rates 
Assessment  o f  expansion rate 
Aneurysm expansion rates are highly variable, both 
over time and between different aneurysms. 34It has 
been well documented that rate of expansion tends to 
increase exponentially in relation to size at dia- 
gnosis.34 37 Thus most authors assess growth rates and 
patterns in subsets of initial diameter (Table 1). 
There is considerable variation in the estimates of 
"normal" expansion rates of AAA within each subset 
of initial diameter. Small aneurysms (3.0-3.9 cm dia- 
meter) have been observed growing at a rate of 
0.19-0.79cm/year, 38'39 and aneurysms of 4.0-4.9cm 
diameter can expand at anything between 0.18 and 
0.69 cm/year.  35'83 
Examinat ion  technique 
The effect of using differing examination techniques 
might also have produced a source of incomparability. 
While some authors uggest hat there is no significant 
difference between radiological modalities, i.e. ultra- 
sound vs. CT scan, g° there are studies that have found 
that aortic aneurysm size is greater if assessed by 
ultrasound, 4°while other studies suggest hat CT scan- 
ning is the more accurate method of size de- 
termination. 41While the heterogeneity may originate 
elsewhere, the examination technique mployed in the 
assessment of aortic aneurysm size further complicates 
meaningful interpretation of the available literature. 
Errors in methodology 
Many studies based on autopsy findings and referrals 
are subject to considerable selection bias. 21'42~4 It may 
also be the case that the group of patients who are 
operated on are different from those who rupture or 
are not considered for surgery, which would com- 
promise the comparabil ity of the groups. The precision 
of scan measurements is usually + 5 mm (or within 
5%35), in which case a growth rate of 2 mm per year 
could take 3 years to be recognised, depending on the 
original size of the aneurysm. 2°
The large variation in findings among the studies 
in Table i may be due to two quite distinct factors. The 
authors included in Table i may have been comparing 
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different populations, inwhich case the rates observed 
are real and different for each group included. Or, 
abdominal aortic aneurysms as a group exhibit little 
or no homogeneity in growth patterns at any stage. 
In order to investigate this, it is necessary to assess 
the comparability of these studies, and indeed these 
authors used a variety of definitions to categorise their 
subjects. 
Selection bias 
Within the studies, the populations varied in that some 
authors included only patients unfit for surgery while 
others observed all patients. The result is that any 
effect of the cardiac, respiratory or cerebrovascular 
conditions preventing surgery have not been evalu- 
ated. Aneurysms in patients with co-existing cardio- 
respiratory disease might have different dynamic 
characteristics from those with no other serious dis- 
ease. 
Similarly, Limet et al. 37 used a cohort of all patients 
admitted to hospital with AAA and observed those 
unfit for surgery. However, those being admitted to 
hospital because of a symptomatic or expanding an- 
eurysm may be a different group from those who 0nly 
require care at an outpatient clinic. A selection process 
has taken place among these patients which may 
overestimate the mean expansion rate within the gen- 
eral population of AAA sufferers. 
Nevitt et al. 45 claimed that because their population- 
based study included assessment of ultrasound scans 
of all patients with AAA, their results were not subject 
to the same confounding factors as autopsy or ad- 
mission studies. At specialist referral centres, patients 
are selected according to severity of disease or symp- 
toms and do not reflect he spectrum of disease in the 
community. 
Sample size 
t 
Sample size also has an important influence on the 
validity of findings. For example, inferences made 
about the representativeness of the observed char- 
acteristics in a sample of the general population are 
more likely to be correct if the sample size is large. It 
is not within the remit of this article to assess the 
optimal sample size for each study reviewed; however, 
it is important to note the very different sample sizes 
involved ranging from 35 to 125, further complicating 
meta-analysis. 
Losses to follow-up 
Most prospective observational studies suffer losses 
to follow-up which reduce the validity of the data. 
Bernstein et al. 46 followed patients for 10 years but 
gave no indication of the numbers lost in this way nor 
assessed the effect on their results. The effect of losses 
to follow-up is dependent on the causes. For example, 
if patients are lost to follow-up the rate of growth could 
possibly be an overestimate of "normal" expansion 
because those with little or no growth may be less 
motivated to attend outpatient appointments. On the 
other hand, if patients are lost because they die as a 
result of aneurysm rupture, estimates of expansion 
rate may be underestimated. 
It would appear, therefore, that in view of the diverse 
nature of the studies reporting AAA growth rate, most 
of which are retrospective observation studies, meta- 
analysis cannot be reliably performed. This is due to 
the lack of homogeneity in the patients tudied, the 
definitions employed, and the outcomes measured. 
Conclusions 
The healthy male aorta expands by 30% between the 
ages of 25 and 70 years and, perhaps more importantly, 
the fractional diameter change (aortic wall excursion 
during the cardiac cycle) at 71 years is 14% of that at 
5 years. The expected rate of change in aortic diameter 
is used as an important predictor of the risk of rupture, 
but the few studies which have assessed expansion 
rates have produced quite different results. 
Evaluation of these studies hows that they are not 
wholly comparable in terms of source population, 
sample size, disease definition and period of as- 
sessment, hus limiting the value of pooled data. For 
this reason it is not possible to derive with confidence 
the expansion rates of aneurysms atany diameter. The 
possibility remains that abdominal aneurysms, as a 
group, exhibit little or no homogeneity in growth 
patterns at any stage. While the SVS/ISCVS definition 
of an aneurysm as a 50% dilatation of the normal 
artery adjusted for gender and radiological modality 31
may be the most realistic definition currently available, 
it fails to take fully into account he effects of ageing, 
and until a clear and uniform definition is adopted 
the true epidemiology and natural history of aortic 
aneurysm will remain obscure. 
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